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AIMTRACT

An out-of-band correction algorithm is evaluated for the Multi-angle Imaging Spcctro-Radiometer  (MISR).  The objective
for MISR is to report scene radiawxs,  as avcragti  over the in-band spectral response region. This product does not follow di-
rwxty from the radiometric  calibration process, which is sensitive to the out-of-band scene content. In-order to provide a cor-
rection, a retrieval of the scene spectral profde  is nccdcd. For MISR this can only be done withh the four bands (nominally 443,
555,670, and 865 rim). Data which includes a continuum of scene wavelengths arc provided by using imagery from the Air-
borne Visible/ Infrared Imaging Spcctromctw  (AVIRIS). Time data are used hereto evaluate the propesed  out-of-band correc-
tion algorithm. This study shows that there can be as large as a 4% diffaencc  in the total band-weighted spectral radiance, as
compared to the desired in-band weighted spectral radiance. The proposed algorithm provides the desired product, to within
0.5% accuracy.
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1. INTRODUCTION

The Earth Observing System (EOS)/ Multi-angle Imaging Spcctro-Radiometer (MISR) instrument has spectral calibration
rcquircmcnts  that include centroid  knowledge to within 0.5 nrn, uniformity of spectral center wavelength and bandwidth to
within 2.0 nm or lCSS (band dependent), and mission life stability to within 1 nm. Rmently  the nine cameras have complctcd
calibration and characterization testing. With these as-built performance data in-hand, the science team is now in a position to
define procedures for producing the radiomctric  and scientific products. The current plans call for Level 1 procxxsing  that will:

. usc radiometric  calibration coefficients to scale camera digital numbers (DIN)  to spectral radiances, reported in MKS
(meter, kilogram, second) units referred to as S1 (Systhne  International);

. report these spcctrat  radiances band-weighted over the entire response range of the scnsoc

. usc the preflight measured point-spread-function (PSF) responses, in conjunction with image restoration techniques,
to provide a contrast enhancement to the data;

. use solar-irradiance  scaling factors to convert the radiances to a common in-band response function; and
● provide registration, for images from the nine cameras, and Earth gcorcctification.

During pre-flight testing, it was discovexcd  that the out+f-band spectral rcjtxtion  does not meet the instrument specifica-
tion requirements. This is believed to be due primarily to scattering centers within the filters causing a m-tain  fraction of the
light to transit the filters at sufficiently oblique angles relative to normal incidence such that the interference filters enable out-
of-band light  to be transmittal’. For scenes with the same spectral signature as the target used in calibration of the MISR cam-
eras (i.e., tic on-board Spwralon  panels), this out-of-band light nxults  in no radiomcttic  error. However, for sccncs of different
spectral content, small radlometric  errors result from the fact that the out-of-band integrated response is typically about 3% of
the integrated in-band response. Thus, a conwtion for this phenomenon is desirable as WCII,  However, this correction requires
corcgistration  of the four MISR bands in order to obtain an estimate of the scae  spectrum, and this registration is not available
during Level IB 1 processing due to the spatial displacement of the spcctrat bands within the camera focal planes. This regis-
tration is effkctcd during higher level processing, once the altitude of the scene is determined. Because the out-of-band correc-
tion may not be desired by all geophysical retrieval algorithms, implementation of this step is dcfcrrcd  to those Level 2
processes that require it.

This paper evaluattx  the proposed Level 2 out-of-band correction algorithm for MISR.
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2. MATHEMATICAL DESCRII’TIONS

For each spectral band, the in-band region is defintxl to be that continuous wavelength range which includes the wavelength
of the peak system response, and for which the system transmittance is consistcntl  y greater than 1 % of the peak system rmponse.
The wavelength region outside this range is referred to as out-of-band. A method for correcting the measured radiance to ac-
count for unwanted out-of-band contributions is to estimate the out-of-band radiance measured for a particular scene by utilizing
the retrieved reflectance from the other MISR bands for that scene. This estimated out-of-band radiance is then subtracted from
the total measured radiance to produce a corrected estimate of the in-band weighted radiance.

‘fhc measured band-weighted radiance LX is dcfmcxl  in @.mtion I for a ~SR band repfescn~  by waveleng~  k. where

k is nominally 443 nm, 555 nm, 670 nm, and 865 run for the four MISR bands ah refcmcd ti as Bands 1,2.3. and 4. ~z

represents the spectral radiance of an observed terrestrial scene, and ~k ~ represents the measured camera spectral response.

The term /oial  indicate-s that the integration is over all wavelengths to which the MtSR cameras respond, nominally 365 nm to
1150 nm.

(1)

The actual in-band weighted radiance and actual in-band weighted equivalent reflectance are expressed in Equations 2 and

3 where ~. ~ mprcsents  the solar spectral irradiance. This is the radiance that would ideally be meaured.

m-band

PAIB,  k =
in-lhnd

J Eo, @L @’dk’
in-band

(2)

(3)

As part of the Level lB 11 processing, the radiometrically  cdbrated output of each pixel within a given band, for all cam-
eras, is transformed to a standard in-band spectral response function. In this manner, a single standard response function can be
used to characterize each pixel of each camera of a particular MISR band. The camera spectral response functions and standard-
im-d  in-band response functions uwxi  in this study are shown in Figure 1, ‘I?Ic out-of-band integrated response is 1.4Y0, 2.8940,
2.8%, and 2.7% of the integrated in-band response for Bands 1,2,3, and 4 respectively.

Let SA ~ represent the standardized camera sp@ral response for Band A then the standardized band-weighted radiance

is defined in Equation 4, and the retrieved band-weighted equivalent reflectance for Band, L is given by F~uation  5.
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(5)

The band-weighted equivalent reflectance for a particular obsuved scene from each of the four MISR bands will provide
four samples of the scene spextral equivalent reflectance over the wavelength range spanned by MISR, From this sample wc
can estimate the scene spectral equivalent reflectance; whcm combined with our knowledge of the MISR standard spectral rt:-
sponse  for each band and a model of the exe-atmospheric solar spectral irradkmce2, wc can estimate tic out-of-band radiancx
in the observed scene.

M p’s ~ denote the scene .sp@.ral  e@vaknt  refktanw.  It is kriv~ from a Pi=wi*  lin~ in@rPolation of fie

band-weighted equivalent reflectaws, pS, ~, as shown in Equation 7. The estimated out-of-band radiance in the observed

scene is then found to be

%m,k = J p’s, ~Eo,  @k @ik’ (6)

out-of-band

for the MISR band denoted by k.

p’s, ~ =
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Figure 1. Measured camera spectral response for (a) Band 1, (b) Band 2, (c) Band 3, and (d) Band 4 (F’FA244, on-axis)
in-band region and slandafdld  response  denoted by dashed and doued lines.
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A spectral correction to the measured band-weighted radiance may now be perfommd  and an estimated in-band weighted
radiance derived as in Equation 8. This may also be eouchcd in terms of equivalent reflectance as expressed in Equation 9.

m-band

(8)

(9)

The error in band-weightd  radiance with no spectral cmrection applied is defiicd  in Equation 10. The error in
band-weighted radiance after the spectral cmrcction is appliul  is found by substituting LEIB, ~ for Lk.

The error in terms of band-weighted e@ivalent reflectance with no spectral correction applied is defined in Equation 11.
The error after the spectral correction is applied is found by substituting PHB, ~ for p~, ~.

(11)

3. RESULTS

Spectral radiance data from the Airborne Visibl@nfrarcd  Imaging Spectrometer (AVIRIS)3  were used to provide scene
types for this study. Two cases arc presented here. In the first case, disercte  spectra were chosen and the scene types identified
visually from the image and knowledge of the site. To this set of scene types an ideal 100% equivalent reflectance spectrally
flat data set was added. Also, added was sputral  radiance for an AVIRIS field target (Spcdralonm  ) based on measumd spectral
rcflectanec  data and the exe-atmospheric solar  irradiance model, In the second ease, all spatial elements of an AVIRIS image.
were examined.

3.1 Discrete scene types

Fourteen diserctc  scene types were selected for the first part of this study. They arc listed in Figure 2. The first ten were
chosen from the AVIRIS  image used in the seeond ease @igurc 8) to provide a varied sampling. Those seenc types prefawxl by
the term Mean are represent by the mean spectral radiance over 14x 14 AVIRIS spatial elements. Since the ground instan
taneous  field-of-view of AVIRIS  is 20 m, a 14 x 14 sample represents approximately one MISR pixel. The spectral radiance
data from the AVIRIS imagery was converted to equivalent reflectance? (Figure 2) for comparison to the MISR band-weighted

equivalent reftectanee  (Figrue 3). It was AVIRIS radiance data directly that was used for the scene spectral radiance Lx.
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Figure 3. MISR band-weighted reflecta~ from obscrvd scene types

The largest errors are found in scene types with low equivalent reflcctanm  in-band. For scene types with high Wuivalcnt
rcflcclance  or which are spectrall  y rather flati such as the white roof, snow, AVIRISfield  panel, or fi’at  100% R~q scenes, there

is little improvement seen with the spczld comxtion.  In fac~ in reflectance terms there is little  to no error (in the case, of the
flat  100% R.q sccnc) with or without correction. The error in radiance terms is due to the difference in the band-weighted solar
spectral irradian~ when in-band versus total integration limits are usd.
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Figure 4. Band 1, error in (a) predicted radiance and (b) predicted equivalent reflectance
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Figure 5. Band 2, error in (a) predicted radiance and (b) prwjicted  equivalent reflectance
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Figure 6. Band 3, error in (a) predicted radiance and (b) predicted equivalent reflt%tance
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3.2Entire  AVIRIS image

Figure 8. AVIRIS  image of Moffett  Field, California used in study
from April 1994

The spectral radiance data, Lx, from each of the 614x512 spatial elements in the AVIRIS  image shown in Figure 8 was

used to model the MISR band-weighted radiance and the aeturd in-band weighted radiance for uch of the four MISR spectral
bands observed from eaeh of the spatial elements. From these Lk and LMB, ~, the speetral  correction was applied and the

error in terms of band-weighted e@ivalent  reflectance was mmputed.  These results are illustrated in Figur~ 9 through 12..

In Figures 9a, lOa, 1 la, and 12a, we see that without correction the low equivalent reflectance scenes show errors of up to
5% in Band 4. Band 1 shows the smallest errors, but it also had the best out-of-band rejeetion.  In all bands it is the low equivalent
rcfleetanee  secnes that show the largest radlometric  errors.

After the spcctml  correction, the estimated in-band weighted equivalent reflectance shows improvemen~  and at low equiv-
alent mfleetances  the errors are down to *I % for all bands.
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Figure 9. Band 1, errors in reflectance (a) without correction and (b) with out-of-band spectral correction.
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4. CONCLUSIONS

The effeet  of the higher than desired out-of-btmd  response of the MISR eamerm  ean be mitigated through a speetral
out-of-band correction. This correction is done by using the other MISR bands to estimate the out-of-band radiance for a given
observation. For this reason, the out-of-band cawction  cannot be done until  the four MISR bands have been m-registered.  For
seencs  with a high in-band equivalent mflecfM’Ic@  @or litfle  SPCCti ~n@L tie ~~~tion is not n~~. ~10wcver9 in d~c
case of low in-band equivalent reflectance scenes the correction ean greatly reduee errors introdu@d by the out-of-band re-
sponse of the MISR cameras. Implementation of this cormetion  is to be appliti  only to those tivel 2 processes that require it.
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